Introduction
Basic understanding of the mechanism of cell division requires a complete analysis of the progression of the cell cycle. A synchronously dividing cell population is important for biochemical and molecular analysis of the cell cycle events. Several methods have been reported for synchronization of plant cells with varying degrees of success [1, 3, 6, 13, 15, [18] [19] [20] [21] 30] . In most of these cases, however, mitotic index was only around 10-20% and chromosome aberration was often observed.
Recently a highly synchronizable tobacco BY2 (TBY2) cell suspension has been described [17] . In this cell line, synchrony was established using aphidicolin which showed high homogeneity and mitotic index of 70-80%. This line has been extensively used for studying cell cycle events [12, 25] .
Aphidicolin, a specific inhibitor of eukaryotic DNA polymerase and the plant α-like DNA polymerase has been found to be very effective, non-toxic and versatile to induce synchronous growth in plant cell population [9, 11, 26, 27] . In Haplopappus aphidicolin treated cells showed mitotic index of 40%. In XD6S strain of Nicotiana tabacum cv. xanthi, mitotic index reached its maximum 52% and 40% following treatments with aphidicolin and hydorxyurea, respectively. During the treatments, the cells were arrested in G 1 /S phase of the cell cycle. In the aphidicolin induced system, almost 95% of the cell population resumed nuclear DNA synthesis after removal of the inhibitor. How long the synchrony was maintained in the cell cycle was not studied [26] .
Besides aphidicolin and hydroxyurea, a plant amino acid, mimosine, was employed to induce synchronization [28] . Mimosine blocks cell cycle progression at or near G 1 /S boundary by inhibiting DNA replication. Mimosine has been reported to be more effective than aphidicolin in preventing entry into the S-phase in mammalian cells [16] . Mimosine is one compound or a class of inhibitors that apparently blocks cell cycle traverse by suppressing the formation of the rare amino acid hypusine, in the eukaryotic translation factor 4D [10, 29] . In Petunia, it has been shown that mimosine delivered to cells derived from protoplasts after 18 h, when early Sphase cells were appearing, can block these cells in between G 1 and S phases. This does not have a toxic effect as 24 h after mimosine depletion 60% of the cells reached G 2 [23] .
The synchronized carrot cells were employed to examine the cell cycle phase dependent activation of the enzyme glyoxalase I, which was shown earlier to be auxin inducible and as a cell division marker enzyme activated during G 2 -M phase [14, 22] .
In this paper, we report synchronization of cell suspension cultures of carrot using three inhibitors with a comparative account of their relative efficiency for inducing cell synchrony. The cell cycle phase dependent activation of glyoxalase I in synchronized cell cultures and the effect of auxin on this enzyme has also been studied.
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Establishment of synchronization in carrot cell suspension culture and studies on stage specific activation of glyoxalase I

Materials
A. Equipment
. Synchronization of cell suspension cultures
Early exponential phase carrot cell cultures are transferred to fresh medium (basal B 5 medium) so as to reduce the external hormone level in the suspension cultures, allowed to grow for 4-5 days to achieve a good single cell suspension. The cultures are grown for 12 hours in standard conditions in dark after the addition of three inhibitors, aphidicolin, mimosine and hydroxyurea added separately twice at 12 h intervals in varying concentrations (5, 15, 30 and 60 µg/ml). After 24 hours, inhibitors are removed by washing the cells 2-3 times in basal B 5 medium and grown in the same medium under standard growth conditions (in dimlight). To study the activity of glyoxalase I enzyme, cells are grown in the presence of NAA (2 mg/L) after removal of the inhibitor. Samples are retrieved regularly at 4 h intervals for 48 h for studying mitotic index. Each experiment is repeated at least twice with two replicates in each case. C. Cell number and mitotic index (MI) determination A 0.5 ml aliquot of cell suspension is collected at regular intervals as indicated in the figures. The cell number is determined by counting the nuclei under a microscope. The MI is determined by counting the cells in late prophase to telophase after fixation with acetic acid: ethyl alcohol (1:3 v/v) overnight and stained with 1% acetoorcein:1N HCl (9:1) relative to the total cell number. D. Flowcytometric analysis of synchronized cell cycle For flowcytometric analysis, 1 ml enzyme solution (1% cellulase, 0.5% macerozyme dissolved in B 5 medium with 1M sorbitol) is directly added to 0.5 ml cell culture and incubated for 30 min at 4 °C with continuous shaking in order to partially remove the cell wall. After washing out the enzyme solution with excess B 5 medium, nuclei are liberated by vigorously pipetting in Galbraith's buffer [7] supplemented to 0.6% Triton X-100, followed by RNase treatment (5 µg/ml) and staining with propidium iodide [4] . In this process pelleted samples are resuspended in 500 µl autoclaved double distilled water and treated with tween 20 (0.5%) for two times and then propidium iodide (200 µl from a stock solution of 50 µg/ml) is added along with RNase followed by a 15 min incubation. Different DNA contents are identified by EPICS V cytofluorometer. The resulting histograms are analysed by 'Multicycle' software (Phoenix flow system, USA) univariate deconvolution program to obtain the distribution of cells in various cell cycle stages. E. Incorporation of 3 H-thymidine into the DNA fraction Synchrony of DNA synthesis is examined by monitoring the incorporation of 3 H-thymidine into the DNA fraction at regular time intervals. Three replicates of 1 ml culture are incubated with 3 µCi of 3 H-thymidine (25 Ci/mM, Amersham) at 26 °C for 40 min on a shaker at designated time intervals. Incubation is stopped by the addition of 4 ml of ice-cold ethanol. The suspension is then homogenized with a teflon homogenizer and centrifuged at 2,000 g for 10 min. The insoluble fraction is washed twice with 80% ethanol and 0.2 M cold PCA. Nucleic acid is extracted twice with 0.5 M PCA at 80 °C for 15 min. The extract is centrifuged at 2,000 g for 10 min and an aliquot
